•  i  ii  Miinpju  .  —  • 

j\DAl05l0l  IB/£L^ 

vcklMGRIS- NEOSHO  RIVER  BASIN 


STRUCTURE  E-3 
NEWTON  COUNTY,  MISSOURI 

Moystk 

PHASE  1  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


Unitod  States  Army 
Corps  of  Engineers 

...Serving  the  Army 
...Serving  the  Nation 

St.  Louis  District 


PREPARED  BY:  U.S.  ARMY  ENGINEER  DISTRICT,  ST.  LOUIS 
FOR:  STATE  OF  MISSOURI 


AUGUST,  ISM 


81  10  2  213 


. . . 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whan  Data  Bntarad) 

I  REPORT  DOCUMENTATION  PAGE 


1.  REPORT  NUMBER 


2.  GOVT  ACCESSION  NO. 


READ  INSTRUCTIONS 

_ BEFORE  COMPLETING  FORM 

3.  RECIPIENT'S  CATALOG  NUMBER 


*.  title  («nd  subttti,) 

Phase  I  Dam  Inspection  Report  / 

National  Dam  Safety  Program 

Newton  County  Structure  F-3  (MO  20514) 

Newton  County,  Missouri 

7.  authorca) 

Anderson  Engineering,  Inc. 

Jack  /Haley  Steve  /Brady 

T-RiRTon-.!!!1^0.11  /Morales  Tom/Beckley  — 

U.S.  Army  Engineer  District,  St.  Louis 
Dam  Inventory  and  Inspection  Section,  LMSED-PD 
210  Tucker  Blvd.,  North,  St.  Louis,  Mo.  63101 

II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

U.S.  Army  Engineer  District,  St.  Louis 

Dam  Inventory  and  Inspection  Section,  LMSED-PD 

210  Tucker  Blvd.,  North,  St.  Louis,  Mo.  63101 

I*.  MONITORING  AGENCY  NAME  »  AOORESSflf dlll.rant  Cram  Controlling  Olttca) 

' .  (National  Dam  Safety  Program 
~  (Structure  F-3  (mo  20514)§  ,  1 

BTBBI  ■'  Missouri,  ~ 

rnase  I  Inspection  Report. 

Approved  for  release;  distribution  unlimited. 


5.  TYPE  OF  REPORT  ft  PERIOD  COVERED 


'/  j  Final  Report  •- 


■40  ORO.  REPORT  NUMBER 


S.  CONTRACT  OR  GRANT  NUMBERfA) 


-  I  DACW43-&tf-C-0j2T73 

'IoLfruURAU  kl.  LU PROJECT .  TASK 
AREA  A  WORK  UNIT  NUMBERS 

')V:  ■  ft-' . 

O*.j#WP0RT  DATE 

jAugut-1980 

13.1  NUMBER  OF  PAGES 

Approximately  70 _ 

IS.  SECURITY  CLASS,  (ot  Ihla  report) 


_ UNCLASSIFIED _ 

I5a.  DECLASSIFICATION^  DOWNGRADING 
SCHEDULE 


17.  DISTRIBUTION  STATEMENT  (of  the  abatract  entered  In  Block  30,  It  different  from  Report) 


|  IB.  SUPPLEMENTARY  NOTES 


ff.  KEY  WORDS  (Continue  on  rmrmrmm  ml  do  II  nmcmmmmry  and  Idmntlty  by  block  numbmr) 

Dam  Safety,  Lake,  Dam  Inspection,  Private  Dams 


l  \M<tllACT  (tbllm  —  awm  ff  nffy  mod  Idmntlty  by  block  numbmr) 

This  report  was  prepared  under  the  National  Program  of  Inspection  of 
Non-Federal  Dams.  This  report  assesses  the  general  condition  of  the  dam  with 
respect  to  safety,  based  on  available  data  and  on  visual  inspection,  to 
determine  if  the  dam  poses  hazards  to  human  life  or  property., _ 


1 1  /;,  - 


EDITION  OF  •  MOV  SB  IS  OBSOLETE 


_ UNCLASSIFIf 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  fW 


Dota  Entered) 


INSTRUCTIONS  FOR  PREPARATION  OF  REPORT  DOCUMENTATION  PACE 


RESPONSIBILITY ,  The  controlling  DoD  office  will  be  responsible  for  completion  of  the  Report  Documentation  Page,  DD  Form  1473,  in 
all  technical  reports  prepared  by  or  for  DoD  organizations. 

CLASSIFICATION.  Since  this  Report  Documentation  Page,  DD  Form  1473,  is  used  in  preparing  announcements,  bibliographies,  and  data 
banks,  it  should  be  unclassified  if  possible.  If  a  classification  is  required,  identify  the  classified  items  on  the  page  by  the  appropriate 
symbol. 

COMPLETION  GUIDE 


General.  Make  Blocks  1,  4,  5.  6,  7,  11,  13,  15,  and  16  agree  with  the  corresponding  information  on  the  report  cover.  Leave 
Blocks  2  and  3  blank. 

Block  1.  Report  Number.  Enter  the  unique  alphanumeric  report  number  shown  on  the  cover. 

Block  2.  Government  Accession  No.  Leave  Blank.  This  space  is  for  use  by  the  Defense  Documentation  Center. 

Block  3.  Recipient's  Catalog  Number.  Leave  blank.  This  space  is  for  the  use  of  the  report  recipient  to  assist  in  future 
retrieval  of  the  document. 

Block  4.  Title  and  Subtitle.  Enter  the  title  in  all  capital  letters  exactly  as  it  appears  on  the  publication.  Titles  should  be 
unclassified  whe  ever  possible.  Write  out  the  English  equivalent  for  Greek  letters  and  mathematical  symbols  in  the  title  (see 
•‘Abstracting  Scientific  and  Technical  Reports  o(Defense~sponsored  RDT/E,9,AD-667  000).  If  the  report  has  a  subtitle,  this  subtitle 
should  follow  the  main  title,  be  separated  by  a  comma  or  semicolon  if  appropriate,  and  be  initially  capitalized.  If  a  publication  has  a 
title  in  a  foreign  language,  translate  the  title  into  English  and  follow  the  English  translation  with  the  title  in  the  original  language. 

Make  every  effort  to  simplify  the  title  before  publication. 

Block  5.  Type  of  Report  and  Period  Covered,  Indicate  here  whether  report  is  interim,  final,  etc.,  and,  if  applicable,  inclusive 
dates  of  period  covered,  such  as  the  life  of  a  contract  covered  in  a  final  contractor  report. 

Block  6.  Performing  Organization  Report  Number.  Only  numbers  other  than  the  official  report  number  shown  in  Block  1,  such 
as  series  numbers  for  in-house  reports  or  a  contractor/grantee  number  assigned  by  him,  will  be  placed  in  this  space.  If  no  such  numbers 
are  used,  leave  this  space  blank. 

Block  7.  Authorfs).  Include  corresponding  information  from  the  report  cover.  Give  the  namefs)  of  the  authorfsj  in  conventional 
order  (for  example,  John  R.  Doe  or,  if  author  prefers,  J .  Robert  Doe).  In  addition,  list  the  affiliation  of  an  author  if  it  differs  from  that 
of  the  performing  organization. 

Block  8.  Contract  or  Grant  Number's;.  For  a  contractor  or  grantee  report,  enter  the  complete  contract  or  grant  number(s)  under 
which  the^ work  reported  was  accomplished.  Leave  blank  in  in-house  reports. 

Block  9.  Performing  Organization  Name  and  Address.  For  in-house  reports  enter  the  name  and  address,  including  office  symbol, 
of  performing  activity.  For  contractor  or  grantee  reports  enter  the  name  and  address  of  the  contractor  or  grantee  who  prepared  the 
report  and  identify  the  appropriate  corporate  division,  school,  laboratory,  etc.,  of  the  author.  List  city,  state,  and  ZIP  Code. 


Block  10.  Program  Element,  Project,  Task  Area,  and  Work  Unit  Numbers.  Enter  here  the  number  code  from  the  applicable 
Department  of  Defense  form,  such  as  the  DD  Form  1498,  “Research  and  Technology  Work  Unit  Summary*  ‘  or  the  DD  Form  1634. 
‘•Research  and  Development  Planning  Summary/*  which  identifies  the  program  element,  project,  task  area,  and  work  unit  or  equivalent 
under  which  the  work  was  authorized. 

Block  11.  Controlling  Office  Name  and  Address,  Enter  the  full,  official  name  and  address,  including  office  symbol,  of  the 
controlling  office.  (Equates  to  funding/ sponsoring  agency.  For  definition  see  DoD  Directive  5200.20,  ** Distribution  Statements  on 
Technical  Documents.**) 


Block  12.  Report  Date.  Enter  here  the  day,  month,  and  year  or  month  and  year  as  shown  on  the  cover. 


Block  13.  Number  of  Pages.  Enter  the  total  number  of  pages. 


Block  14.  Monitoring  Agency  Name  and  Address  (if  different  from  Controlling  Office).  For  use  when  the  controlling  or  funding 
office  does  not  oirectly  administer  a  project,  contract,  or  grant,  but  delegates  the  administrative  responsibility  to  another  organization. 


Blocks  15  fe  15s.  Security  Clsssificstion  of  the  Report:  Declassification/Downgrading  Schedule  of  the  Report.  Enter  in  15 
the  highest  clsssificstion  of  the  report.  If  sppropriste,  enter  in  15a  the  declassification/downgrading  schedule  of  the  report,  using  the 
abbreviation*  for  declassification/downgrading  schedule*  liated  in  paragraph  4-207  of  DoD  5200. 1-R. 

Block  16.  Distribution  Statement  of  the  Report.  Insert  here  the  applicable  distribution  statement  of  the  report  from  DoD 
Directive  5200.20.  “Distribution  Statements  on  Technical  Documents.” 


Block  17  Distribution  Statement  (of  the  abstract  entered  in  Block  20,  1 1  different  from  the  distribution  statement  ol  the  report). 
Insert  here  the  applicable  distribution  statement  of  the  abstract  from  DoD  Directive  5200.20,  “Distribution  Statements  on  Technics'  Doc 
uments." 


Block  18.  Supplementary  Notes.  Enter  information  not  included  elsewhere  but  useful,  such  as:  Prepared  in  cooperation  with 
anslation  of  (or  by)  .  .  .  Presented  at  conference  of  ...  To  be  published  in  . 


Block  19.  Key  Words.  Select  terms  or  short  phrases  that  identify  the  principal  subjects  covered  in  the  report,  and  are 
sufficiently  specific  and  precise  to  be  used  as  index  entries  for  cataloging,  conforming  to  standard  terminology.  The  DoD  Thesaurus 
of  Engineering  snd  Scientific  Terms"  (TEST),  AD-672  000,  can  be  helpful. 

Block  20  Abatract.  The  abstract  should  be  a  brief  (not  to  exceed  200  words)  factual  summary  of  the  most  significant  informa¬ 
tion  contained  in  the  report.  If  possible,  the  abatract  of  a  classified  report  should  be  unclassified  and  the  abstract  to  an  unclassified 
raport  should  conaiat  of  publicly,  releasable  information.  If  the  report  contain*  a  significant  bibliography  or  literature  aurvey,  mention 
ither*.  For  information  on  preparing  abatract*  see  “Abstracting  Scientific  and  Technical  Reports  of  Defen se-Sponsored  RDT8.E, 
AD-667  000. 

4l!,S,  &.H.O.  19B0-66b-l4t  1799 


DEPARTMENT  OF  THE  ARMY 

ST.  tOUtS  DISTRICT.  CORPS  OF  EN6INEERS 

210  TUCKER  BOULEVARD.  NORTH 

ST.  tOUtS.  MISSOURI  63101 


»o 

AtHftNONOr 


SUBJECT:  Structure  F-3 

Newton  County,  Missouri 
Missouri  Inventory  No.  20514 


This  report  presents  the  results  of  field  inspection  and  evaluation 
of  the  Structure  F-3.  It  was  prepared  under  the  National  Program  of 
Inspection  of  Non-Federal  Dams. 


SUBMITTED  BY: 


\jiV~J 


Chief,  Engineering  Division 


o  9  oc r  wao 


APPROVED  BY: 


Q;; 

'U  i  V:  . 

Colonel,  CE,  District  Engineer 


10  OCT  1980 


Accession  For _ 

NTIS  GRA&I 
DTIC  TAB 
Unannounced 
Justification.- 


By - - - — 

Distribution/ 

Availability  Codes^ 
Avail  and/or 
Dist  Special 


VERDI GRIS -NEOSHO  RIVER  BASIN 


STRUCTURE  F-3 
NEKTON  COUNTY,  MISSOURI 
MISSOURI  INVENTORY  NO.  20S14 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 

Prepared  By 

Anderson  Engineering,  Inc.,  Springfield,  Missouri 
Hanson  Engineers,  Inc.,  Springfield,  Illinois 


Under  Direction  Of 

St.  Louis  District,  Corps  of  Engineers 


For 

Governor  of  Missouri 


AUGUST,  1980 


PHASE  I  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
SUMMARY 


Name  of  Dam:  Structure  F-3 
State  Located.  Missouri 
County  Located:  Newton 
Stream:  Tributary  of  Lost  Creek 

Date  of  Inspection.  May  29,  1980 


Structure  F-3  was  inspected  by  an  interdisciplinary  team 
of  engineers  from  Anderson  Engineering,  Inc.  of  Springfield, 
Missouri  and  Hanson  Engineers,  Inc.  of  Springfield,  Illinois. 

The  purpose  of  this  inspection  was  to  make  an  assessment  of 
the  general  condition  of  the  dam  with  respect  to  safety,  based 
upon  available  data  and  visual  inspection,  in  order  to  determine 
if  the  dam  poses  hazards  to  human  life  or  property. 

The  guidelines  used  in  the  assessment  were  furnished  by 
the  Department  of  the  Army,  Office  of  the  Chief  of  Engineers, 
and  they  have  been  developed  with  the  help  of  several  Federal 
and  State  agencies,  professional  engineering  organizations, 
and  private  engineers.  Based  on  these  guidelines,  the  St.  Louis 
District,  Corps  of  Engineers  has  determined  that  this  dam  is  in 
the  high  hazard  potential  classification,  which  means  that  loss 
of  life  and  appreciable  property  loss  could  occur  if  the  dam 
fails.  The  estimated  damage  zone  extends  approximately  two 
miles  downstream  of  the  dam.  Located  within  this  zone  are 
approximately  24  dwellings  and  Highway  43,  all  in  the  town  of 
Seneca . 

The  dam  is  in  the  small  size  classification,  since  it  is 
greater  than  25  ft  high  but  less  than  40  ft  high,  and  the  maximum 
storage  capacity  is  greater  than  50  ac-ft  but  less  than 
1,000  ac-ft. 


Our  inspection  and  evaluation  indicates  that  the  combined 
spillways  do  meet  the  criteria  set  forth  in  the  guidelines  for 
a  dam  having  the  above  size  and  hazard  potential.  The  combined 
spillways  will  pass  100  percent  of  the  Probable  Maximum  Flood 
without  overtopping .  The  Probable  Maximum  Flood  is  defined  as 
the  flood  discharge  that  may  be  expected  from  the  most  severe 
combination  of  critical  meteorologic  and  hydrologic  conditions 
that  are  reasonably  possible  in  the  region.  The  guidelines  re¬ 
quire  that  a  dam  of  small  size  with  a  high  downstream  hazard 
potential  pass  50  to  100  percent  of  the  PMF.  Considering  the  height 
of  dam  (35  feet),  the  maximum  storage  capacity  (67  acre-feet), 
and  the  low  volume  of  permanent  water  storage,  50  percent  of  the 


i 


PMF  has  been  determined  to  be  the  appropriate  spillway  design 
flood.  The  100-year  flood  (1  percent  probability  flood)  will 
not  overtop  the  dam.  The  1  percent  probability  flood  is  one 
that  has  a  1  percent  chance  of  being  exceeded  in  any  given  year. 

Deficiencies  visually  observed  by  the  inspection  team 
were:  (1)  some  small  brush  growth  on  the  embankment  faces; 
and  (2)  erosion  channels  in  the  emergency  spillway. 

Another  deficiency  was  the  lack  of  seepage  and  stability 
analysis  comparable  to  the  requirements  of  the  recommended 
guidelines . 

It  is  recommended  that  the  owners  take  the  necessary 
action  without  undue  delay  to  correct  the  deficiencies  reported 
herein.  A  detailed  discussion  of  these  deficiencies  is  in¬ 
cluded  in  the  following  report. 


Tom  Beckley, P. E . ' 
Anderson  Engineering,  lie 
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PRO.J  liC'l  I  N FORMAT  ION 


1.1  Cf.Xi.RAl.  : 

A.  Author  it v. 


The  National  Dam  Inspection  Act,  Public  Law  lJ2-5(>7, 
authorized  the  Secretary  of  the  Army,  through  the  Corps  of 
Hngincers,  to  initiate  a  program  of  safety  inspection  of 
dams  throughout  the  United  States.  Pursuant  to  the  above, 
the  St.  Louis  District,  Corps  of  engineers,  District  engi¬ 
neer  directed  that  a  safety  inspection  be  made  of  Structure 
F-3  in  Newton  County,  Missouri. 

B .  Purpose  of  Inspection: 

The  purpose  of  the  inspection  was  to  make  an  assessment 
of  the  general  condition  of  the  dam  with  respect  to  safety, 
based  upon  available  data  and  a  visual  inspection  in  order 
to  determine  if  the  dam  poses  hazards  to  human  life  or 
property . 

C.  Lvaluati on  Criteria  : 

Criteria  used  to  evaluate  the  dam  were  furnished  by  the 
Department  of  the  Army,  Office  of  the  Chief  of  engineers, 
"Recommended  Guidelines  for  Safety  Inspection  ol  Dams, 

Appendix  D."  These  guidelines  were  developed  with  the  help 
of  several  federal  agencies  and  many  state  agencies,  pro¬ 
fessional  engineering  organizations,  and  private  engineers. 

I Jii  DTSCRl  Pi  ION  Of  PRO J 11CT  : 

A.  Description  of  Dam  and  Appur tena nee s  : 

Structure  F-3  is  an  earth  fill  structure  approximately 
55  ft  high  and  2SU  ft  long  at  the  crest.  Ihe  appurtenant  work 
consists  of  a  30  inch  diameter  reinforced  concrete  principal 
spillway  pipe  with  a  reinforced  concrete  flow  riser  and  an  earth 
cut  swale  located  at  the  west  abutment. 

Sheet  3  of  Appendix  A  shows  a  plan,  profile,  and  typical 
section  of  the  embankment  as  obtained  from  field  inspection  data. 
Sheets  6  through  10  of  Appendix  A  are  selected  As  Built  drawings 
obtained  from  the  It.  S.  Department  ol  Agriculture,  Soil  Conservation 
Service,  Columbia,  Missouri. 


irifii  i  *  „ 


The  dam  is  located  in  the  southwestern  part  ol  Newton 
County,  Missouri  on  a  tributary  of  Lost  Creek.  The  dam  and 
lake  are  within  the  Seneca,  Missouri  7.5  minute  quadrangle 
sheet  (Section  26,  T25N,  R34W  -  latitude  3  0  °  5 1  .  2  1  ;  longitude 
94°36.7').  Sheet  2  of  Appendix  A  shows  the  general  vicinity. 
Sheet  5  of  Appendix  A  is  the  Project  Map  developed  as  part  of 
the  Work  Plan  for  Watershed  Protection  and  flood  Prevention 
for  the  Lost  Creek  Watershed  prepared  by  the  Soil  and  Water 
Conservation  District  of  Newton  County. 

C.  Size  Classification: 

With  an  embankment  height  of  35  ft  and  a  maximum  storage 
capacity  of  approximately  67  acre-ft,  the  dam  is  in  t lie 
small  size  category. 

1).  Hazard  Classification: 


The  St.  Louis  District,  Corps  of  engineers  has  classi¬ 
fied  this  dam  as  a  high  hazard  dam.  The  estimated  damage 
zone  extends  approximately  two  miles  downstream  of  the  dam. 

Located  within  this  zone  are  approximately  24  dwellings  and 
Highway  43,  all  in  the  town  of  Seneca.  The  effected  features 
within  the  estimated  damage  zone  were  field  verified  by  the 
inspection  team.  A  portion  of  the  dwellings  are  shown  in 
Photograph  No.  12. 

11.  Ownership: 

The  dam  is  owned  by  the  Lost  Creek  Watershed  Subdistrict, 

Jim  Stone,  Chairman,  P.  0.  Box  149,  Neosho,  Missouri  64850  and 
is  on  property  owned  by  the  Lagle  -  Pi  teller  Company  (Attn:  Mr. 
fred  Sieliner) ,  Seneca,  Missouri  64865. 

F.  Purpose  of  Dam: 

The  dam  was  constructed  under  the  Authority  of  the  Watershed 
Protection  and  Flood  Prevention  Act  (Public  Law  566,  83rd  Con¬ 
gress,  68  Statute  666)  as  amended  primarily  for  the  purpose  of 
a  Debris  Basin  Structure  for  the  Lost  Creek  Watershed,  Newton 
County,  Missouri. 

G.  Design  and  Construction  History: 

The  dam  was  designed  by  the  U.  S.  Department  of  Agriculture, 
Soil  Conservation  Service,  Columbia,  Missouri,  under  the  Authority 
of  the  Watershed  Protection  and  Flood  Prevention  Act.  Prior  to 
the  design  of  the  dams,  a  watershed  work  plan  for  the  Lost  Creek 
Watershed  was  prepared  in  January  1971,  by  the  Soil  and  Water 
Conservation  District  of  Newton  County  with  assistance  by  SCS. 

A  partial  set  of  As  Built  Plans  is  included  as  Sheets  6  through 
10  of  Appendix  A.  A  complete  set  of  plans  arc  available  through 
the  Columbia,  Missouri  office  of  SCS. 

Geologic  Investigations  and  analyses  completed  by  SCS  are 
included  as  Sheets  3  through  21  of  Appendix  B. 


The  contract  for  construction  was  let  on  July  22,  197b, 
for  Newton  County  Structure  IS.  Newton  County  Structures  1-1 
and  1- -  2  were  included  in  t  it  c  contract  with  Structure  1-3. 

The  contractor  for  this  project  was  Higginbotham  Construc¬ 
tion  Company,  Route  1,  Brookline,  Missouri.  Construction  com¬ 
menced  in  October  11)70,  and  the  dam  was  completed  in  July  1977  . 

Inspection  of  the  project  was  conducted  under  the  control  of 
Mr.  Joe  Orcen,  Project  engineer.  Soil  Conservation  Service,  Mount 
Vernon,  Missouri.  Results  of  the  inspection  and  testing  including 
inspector's  field  notes,  compaction  and  concrete  reports,  are 
currently  on  file  in  the  Columbia,  Missouri  SCS  office. 

Mr.  Higginbotham  indicated  that  the  dam  was  built  in  gen¬ 
eral  conformance  with  the  plans.  During  excavation  for  the  principal 
spillway  support  pier,  a  cavernous  opening  that  appeared  to  run 
parallel  to  the  valley  was  exposed.  Under  direction  of  the  Soil 
Conservation  Service,  the  debris  was  removed  from  the  area  and  filled 
with  compacted  creek  gravel.  The  support  pier  was  then  placed  on 
the  compacted  creek  gravel.  The  core  trench  was  excavated  to  the 
elevations  shown  on  the  plans  and  filled  in  with  select  material 
from  the  borrow  area  located  within  the  lake  bed.  Compaction  ot 
the  embankment  was  by  the  use  of  a  double  shcepsfoot  roller.  lie 
stated  that  the  emergency  spillway  section  was  excavated  to  the 
plan  elevation  and  topsoil  was  placed  over  the  exposed  rock  and 
compacted  earth  to  the  final  spillway  elevation. 

Mr.  Green  likewise  indicated  that  no  modifications  to  the 
plans  other  than  the  principal  spillway  outlet,  were  required 
during  the  construction  phase.  He  or  one  of  his  staff  performed 
daily  inspections  during  the  course  of  construction. 

II.  Normal  Operating  Procedures: 

All  flows  will  normally  be  passed  by  the  restricted  flow- 
riser  to  the  50  inch  spillway  pipe  and  the  uncontrolled  earth 
cut  emergency  spillway.  Information  obtained  from  Mr.  Green 
indicates  that  the  maximum  pool  level  for  this  dam  lias  never  to 
his  knowledge  been  more  than  a  foot  or  two  above  the  slide  gate. 

1.3  P CRT  [Nil NT  DATA: 

Pertinent  data  about  the  dam,  appurtenant  works,  and 
reservoir  are  presented  in  the  following  paragraphs.  Sheet 
3  of  Appendix  A  presents  a  plan,  profile,  and  typical  section 
of  the  embankment  from  field  data  obtained  by  the  inspection 
team.  Sheets  b  through  10  of  Appendix  A  are  selected  sheets  from 
the  complete  set  of  As  Built  plans  prepared  by  the  Soil  Conserva¬ 
tion  Service. 


A.  Drainage  Area: 

The  drainage  area  for  this  dam,  as  obtained  from  the 
Watershed  Work  Plan  and  As  Built  Plans  (Sheet  10  of  Appendix  A) 
is  approximately  88  acres. 


B. 


Pi  s charge  a  t  Pam  S  i  to : 

(1)  All  discharge  at  the  dam  site  is  through  the  restricted 
flow  riser  for  the  30  inch  diameter  principal  spillway  pipe 
and  an  uncontrolled  earth  cut  emergency  spillway. 

(2)  estimated  Total  Spillway  Capacity  at  Maximum  Tool  (Top 
of  Pam  -  hi.  061.3)  :  f,  502  cl's 

(3)  estimated  Capacity  of  Principal  Spillway:  23  cfs 

(4)  estimated  experienced  Maximum  flood  at  Pam  Site: 

No  flow  Through  Spillways  Reported 

(5)  Diversion  Tunnel  Low  Pool  Outlet  at  Pool  elevation: 

Not  Applicable 

(6)  Diversion  Tunnel  Outlet  at  Pool  elevation:  Not  Applicable 

(7)  Gated  Spillway  Capacity  at  Pool  elevation:  Not  Applicable 

(8)  Gated  Spillway  Capacity  at  Maximum  Pool  elevation:  Not 
Appl icabl c 

C.  elevations : 

All  elevations  are  consistent  with  an  assumed  mean  sea  level 
elevation  of  966.73  for  Benchmark  "1  described  in  As  Built  Plans 
as  top  of  concrete  monument  Sta.  0  +  00.21  centerline  dam  (See 
Sheet  6  of  Appendix  A). 

(1)  Top  of  Pam:  961.3  feet  MSI. 

(2)  Principal  Spillway  Crest:  943.8  feet  MSL 

(3)  emergency  Spillway  Crest:  956.4  feet  MSL 

(4)  Principal  Spillway  Pipe  Invert  l.lcvation  at  Outlet: 

926.1  feet  MSL 

(5)  Strcambcd  at  Centerline  of  l)am:  926.0  feet  MSL 

(6)  Pool  on  Date  of  Inspection:  933.4  feet  MSL 

(7)  Apparent  High  Water  Mark:  935.0  feet  MSL 

(8)  Maximum  Tailwater:  None 

(9)  Upstream  Portal  Invert  Diversion  Tunnel:  Not  Applicable 

(10)  Downstream  Portal  Invert  Diversion  Tunnel:  Not  Applicable 
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1). 


Reservoir  Lengths: 


(1)  At  Principal  Spillway  Crest:  350  l'eet 

(.2)  At  emergency  Spillway  Crest:  850  l'eet 

(3)  At  Top  of  Dam:  1,100  l'eet 

1: .  Storage  Cap  a  c  i  t  i  e  s  : 

(1)  At  Principal  Spillway  Crest:  8.4  Acrc-lect 

(2)  At  emergency  Spillway  Crest:  41.5  Acre- l'eet 

(3)  At  Top  of  Dam:  67  Acre- l'eet 
1:.  Reservoir  Surface  Areas: 

(1)  At  Principal  Spillway  Crest:  1.3  Acres 

(.2)  At  emergency  Spillway  Crest:  4.3  Acres 

[3]  At  Top  of  Dam:  6.5  Acres 
Cl.  Dam: 

(1)  Type:  farth 

(2)  Length  at  Crest:  280  l'eet 

(3)  Height:  35  feet 

(4)  Top  Width:  14  l’eet 

(5)  Side  Slopes:  Upstream  varies  from  1 V :  2 . 4  7  H  to  IV:  4 . 5011 
Downstream  varies  from  IV:  2.  7411  to  IV:  3. 6111 

(6)  Zoning:  Gravelly  Silt  and  Clay 
(.7)  Impervious  Core:  12  l'eet  Wide 

(8)  Cutoff:  8  l'eet  Below  Base  of  Dam 

(9)  Grout  Curtain.  None 

li.  Diversion  and  Regulating  Tunnel  : 

(1J  Type:  Not  Applicable 

(.2)  Length:  Not  Applicable 

(3)  Closure:  Not  Applicable 

(4J  Access:  Not  Applicable 

(5)  Regulating  facilities:  Not  Applicable 


I .  Spillway: 

1.1  Principal  Spillway: 

(1)  Location:  Centerline  Dam  Station  1+82 

(2)  Type:  30  Inch  Diameter  Reinforced  Concrete  Pipe  with 
Restricted  Flow  Riser 

1.2  emergency  Spillway: 

(1)  Location:  West  Abutment 

(2)  Type:  Far th  Cut  Swale 

(3)  Upstream  Channel:  Grass  covered  earth  channel 

(4)  Downstream  Channel:  Grass  covered,  moderate  earth  slopes 
changing  to  asphalt  roadway  with  shallow  ditches 

J.  Regulating  Outlets: 

The  8  inch  diameter  slide  gate  associated  with  the  restricted 
flow  riser  is  the  only  regulating  outlet  feature  of  the  dam. 
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SLCTION  2  -  l-NGINIililUNG  DATA 


2.1  Ol-SIGN: 


Design  calculations  and  construction  plans  were  prepared 
by  and  arc  currently  on  file  with  the  U.  S.  Department  of  Agri¬ 
culture  Soil  Conservation  Service  in  Columbia,  Missouri.  A 
partial  set  of  these  plans  is  included  as  Sheets  6  through  10 
of  Appendix  A.  A  Watershed  Work  Plan  was  prepared  for  the  I.ost 
Creek  Watershed  prior  to  the  design  phase.  A  copy  of  the  Project 
Map  is  included  as  Sheet  5  of  Appendix  A.  This  plan,  prepared 
under  the  Authority  of  Public  Law  506,  is  also  on  file  in  the 
Columbia  SCS  office. 


A.  Surveys: 


A  topographic  survey  was  conducted  by  the  Soil  Conservation 
Service  for  the  Lost  Creek  watershed.  The  survey  was  tied 
to  the  sea  level  datum.  Temporary  benchmarks  were  located 
at  each  dam  site.  Concrete  monuments  were  set  at  cacli  end  of 
the  embankment  by  SCS.  A  description  of  these  benchmarks  is 
shown  on  Sheet  6  of  Appendix  A.  Prom  the  topographic  survey 
data  a  4  foot  contour  interval  map  was  drawn  for  design  purposes. 

B.  Geology  and  Subsurface  Materials: 

The  site  is  located  in  the  border  zone  between  the  Ozarks 
and  Western  Plains  geologic  regions  of  Missouri.  This  area  is 
characterized  topographically  by  rolling  to  hilly  with  oak  and 
hickory  forest  areas.  The  sedimentary  rock  layers  exposed  in 
the  Ozarks  region  dip  downward  away  from  the  Ozarks  region,  and 
the  higher  and  younger  sedimentary  deposits  become  the  surface 
ledges  in  southwest  Missouri.  The  soils  in  this  region  arc  residual 
from  cherty  and  dolomitic  limestones  of  the  Mi ssi ssippian  age. 

The  site  is  located  upon  an  outcrop  of  the  Warsaw  formation  of  the 
Meramecian  series.  The  limestone  bedrock  occurs  at  an  average 
depth  of  10  feet  below  initial  ground  level  along  the  entire  dam 
centerline,  as  described  in  the  Geologic  Report  on  the  site.  The 
Geologic  Report  prepared  by  the  Soil  Conservation  Service  is  con¬ 
tained  in  Appendix  B. 

Soils  in  the  area  of  the  dam  arc  one  of  this  area's  most  common 
soils.  The  embankment  soils  arc  reddish-brown  silty  clays  (CL)  with 
chert  rock  fragments.  The  chert  is  from  the  parent  material  and  is 
found  in  each  of  the  soil  layers  of  this  soil  series.  These  soils 
generally  make  good  fill  material  when  properly  compacted. 

The  "Geologic  Map  of  Missouri"  indicates  that  two  known  faults 
run  in  a  northeast  -  southwesterly  direction  through  or  very  near  the 
dam  site.  The  Missouri  Geological  Survey  has  indicated  that  these 
faults  are  known  as  the  Seneca  faults  and  there  is  no  known  acti¬ 
vity  or  movement.  These  faults  in  this  area  arc  generally  con¬ 
sidered  to  be  inactive.  The  publication  "Caves  of  Missouri"  indi¬ 
cates  there  are  four  caves  in  Newton  County  and  these  arc  several 
miles  from  the  dam  site. 
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C.  Foundation  and  Embankment  Design: 

Included  as  Sheet  3  of  Appendix  B  is  the  "Geologic  Investiga¬ 
tion  of  Dam  Site"  for  this  structure.  The  profile  at  the  centerline 
of  the  dam  shows  the  location  of  the  borings  as  obtained  by  SCS. 
Sheets  4  through  13  of  Appendix  B  are  the  detailed  soil  investi¬ 
gation  with  conclusions  from  the  study.  Sheets  12  and  13  of 
Appendix  B  are  a  discussion  of  the  results  from  the  Soil  Mechanics 
Laboratory  of  SCS.  One  of  the  tests  performed  was  slope  stability 
analysis . 

Based  upon  the  available  information,  tlic  basic  foundation 
soil  appears  to  be  silty  clays  (CL).  There  is  apparently  no 
particular  zoning  of  the  embankment,  and  no  internal  drainage 
features  are  known  to  exist. 

D.  Hydrology  and  Hydraulics: 

The  hydrologic  and  hydraulic  design  parameters  of  this  dam 
are  as  shown  on  Sheet  10  of  Appendix  A.  The  Soil  Conservation 
Service  surveyed  17  valley  cross-sections  in  the  watershed  and 
routed  8  evaluation  storms  through  the  channel  using  the  T.  R. 

20  computer  program.  Assistance  was  obtained  from  the  Tulsa 
District,  Corps  of  engineers  for  the  study  and  evaluation.  Based 
on  the  As  Built  Plans  and  a  field  check  of  spillway  dimensions  and 
embankment  elevations  and  a  check  of  the  drainage  area  on  U.S.G.S. 
quad  sheets,  hydrologic  analysis  using  U .  S.  Army  Corps  of  engineers 
guidelines  were  performed  and  appear  in  Appendix  C  as  Sheets  1 
through  9. 

L.  Structure: 

The  only  structure  associated  with  this  dam  is  the  restricted 
flow  riser.  Details  of  this  riser  appear  as  Sheet  9  of  Appendix  A. 

2.2  CONSTRUCTION: 

Inspection  during  the  construction  of  the  dam  was  performed 
by  the  Soil  Conservation  Service  Office,  Mount  Vernon,  Missouri, 
under  the  direction  of  Mr.  .Joe  Green,  Project  engineer.  Mr.  Green 
stated  that  daily  inspection  was  performed  during  construction.  The 
inspector's  log  and  inspection  tests,  to  include  compaction  and 
concrete  testing,  are  currently  on  file  at  the  Soil  Conservation 
Service  Office,  Columbia,  Missouri.  The  construction  inspection 
data  were  not  obtained. 

2.3  PPL RAT  ION: 

Normal  flows  would  be  passed  by  the  restricted  flow  riser 
to  the  30  inch  diameter  spillway  pipe  and  the  uncontrolled  earth- 
cut  spillway.  Mr.  Green  stated  that  normally  the  8  inch  diameter 
slide  gate  on  the  flow  riser  is  closed. 
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2.4  EVALUATION : 


A.  Availability: 

The  engineering  data  available  are  as  listed  in  Section 


B.  Adequacy: 

The  engineering  data  available  were  inadequate  to  make 
a  detailed  assessment  of  the  design,  construction,  and 
operation  of  this  structure.  Seepage  and  stability  analyses 
comparable  to  the  requirements  of  the  "Recommended  Guidelines 
for  Safety  Inspection  of  Dams"  were  not  available,  which  is 
considered  a  deficiency.  The  seepage  and  stability  analyses 
should  be  performed  for  appropriate  loading  conditions 
(including  earthquake  loads)  and  made  a  matter  of  record. 

C.  Validity: 


The  As  Built  Plans  and  Soil  Investigation  data  and  test  re¬ 
sults  prepared  by  the  Soil  Conservation  Service  included  in 
Appendices  A  and  B  are  valid  engineering  data  on  the  design 
and  construction  of  the  dam. 
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SUCTION  5  -  VISUAL  INSPLCTON 


5.1  FINDINGS: 

A.  General: 

The  field  inspection  was  made  on  May  21),  1980. 

The  inspection  team  consisted  of  personnel  from  Anderson 
engineering,  Inc.  of  Springfield,  Missouri,  and  Hanson 
engineers,  Inc.  of  Springfield,  Illinois.  The  team  members 
were : 

Steve  Brady  -  Anderson  Engineering,  Inc.,  (Civil  engineer) 

Tom  Bcckley  -  Anderson  engineering,  Inc.,  (Civil  engineer) 

Jack  Healy  -  Hanson  engineers,  Inc.,  (Geotechnical  engineer) 

Nelson  Morales  -  Hanson  engineers,  Inc.,  (Hydraulic  engineer) 

Photographs  of  the  dam,  appurtenant  structures,  reservoir, 
and  downstream  features  are  presented  in  Appendix  I). 

B.  Dam: 

The  dam  appears  to  be  in  good  condition.  No  sloughing  or 
sliding  of  the  embankment  was  noted.  The  horizontal  and  vertical 
alignments  of  the  crest  were  good,  and  no  surfacing  cracking  or 
unusual  movement  was  obvious.  The  crest  of  the  embankment  was 
14  feet  wide  and  the  lowest  crest  elevation  was  961.5.  The 
field  survey  data  obtained  by  the  inspection  team  compared  favor¬ 
ably  to  the  As  Built  Plans  for  this  dam. 

On  the  date  of  inspection,  the  pool  level  was  about  0.1  ft 
above  the  slide  gate  invert.  No  apparent  high  water  mark  was 
observed.  According  to  Mr.  Green,  the  maximum  pool  has  been  a 
foot  or  two  higher.  lie  stated  that  the  dam  lias  never  held  water. 

To  his  knowledge,  there  has  not  been  any  attempt  to  locate  the 
apparent  leakage.  The  Lost  Creek  Watershed  Work  Plan  noted  that 
the  geologic  site  conditions  make  permanent  water  storage  unpre¬ 
dictable.  As  the  structure  was  intended  to  function  as  a  Debris 
Basin  Structure,  permanent  water  storage  is  not  a  major  factor. 

Shallow  auger  probes  into  the  embankment  indicated  the  fill 
material  to  be  a  reddish-brown  silty  clay  (CL).  The  embankment 
is  grass-covered  and  appears  to  be  in  good  condition.  Due  to  the 
heavy  grass  cover,  thorough  inspection  of  the  embankment  was  diffi¬ 
cult.  No  sloughing  of  the  embankment  or  seepage  through  the  embank¬ 
ment  was  evident.  No  animal  burrows  were  noted.  No  serious  erosion 
was  observed. 

No  riprap  was  noted  on  the  upstream  face  at  normal  pool 
elevation.  Due  to  the  lack  of  permanent  water  capability  and 
the  heavy  grass  cover,  erosion  docs  not  appear  to  be  a  problem. 

A  scattering  of  light  brush  growth  on  the  embankment  was  noted. 
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No  instrumentation  (monuments,  piezometers,  etc.)  other 
than  B.M.  #1  was  observed. 

C.  Appurtenant  Structures: 

C.l  Principal  Spillway: 

The  principal  spillway  consisting  of  the  30  inch  reinforced 
concrete  spillway  pipe  and  associated  flow  restrictor  riser  is 
in  good  condition.  The  8  inch  diameter  slide  gate  was  in  good 
working  condition.  Opening  of  the  slide  gate  and  permitting  a 
small  quantity  of  water  to  exit  the  spillway  pipe  was  performed 
by  the  inspection  team. 

The  approach  to  the  inlet  structure  was  clear.  Considerable 
riprap  was  placed  around  the  inlet  structure.  The  primary  ori¬ 
fice  (12.0  feet  above  the  structure  invert)  did  not  appear  to  have 
been  used.  Past  flow  through  the  spillway  pipe  occurred  when 
the  slide  gate  was  opened. 

Riprap  was  observed  at  the  outlet  of  the  spillway  pipe.  Plow 
through  the  pipe  w'ould  not  be  expected  to  result  in  serious  erosion. 

C.2  emergency  Spill way : 

The  emergency  spillway  was  located  at  the  west  abutment. 

The  spillway  channel  appeared  to  he  an  earth  cut  channel.  The 
grass  cover  in  the  channel  was  fair  with  some  erosion  that  appeared 
to  be  due  to  vehicular  traffic  within  the  spillway  channel.  The 
spillway  has  not  carried  flows  since  the  dam  was  constructed. 
According  to  Mr.  Higginbotham  portions  of  the  spillway  were 
excavated  to  rock  and  then  covered  with  topsoil.  Continued  use 
of  the  spillway  would  probably  result  in  appreciable  erosion. 

The  outlet  channel  is  directed  well  away  from  the  embank¬ 
ment.  The  outlet  and  inlet  channel  were  clear. 

L).  Reservoir: 

The  immediate  periphery  of  the  lake  was  wooded  and  grass 
covered  with  moderate  slopes.  The  reservoir  banks  appeared  to  lie 
in  good  condition  with  heavy  grass  cover.  No  appreciable  sedimen¬ 
tation  was  noted. 

li.  Downstream  Channel: 

Immediately  downstream  of  the  embankment,  the  channel  is 
grass  covered.  At  the  approximate  point  of  covergcnce  of  the 
principal  and  emergency  spillway,  the  channel  is  defined  by  the 
asphalt  roadway  and  shallow  ditch.  The  slopes  arc  moderate. 

3.2  li  VALUATION : 

Due  to  the  apparent  geologic  conditions,  the  dam  docs  not 
impound  any  appreciable  permanent  water  storage.  IVith  use  as 
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a  Debris  Basin  Structure  with  limited  flows,  the  absence  of 
riprap  on  the  upstream  face  of  the  embankment  and  the  unlined 
emergency  spillway  section  do  not  appear  to  be  significant. 

Some  light  brush  growth  was  noted  on  the  embankment.  The 
grass  cover  on  the  dam  was  good.  The  presence  of  any  seepage 
areas  could  not  be  observed  due  to  the  lack  of  water  impounded 
by  the  dam. 

Photographs  of  the  dam,  appurtenant  structures,  and  the 
reservoir  are  presented  in  Appendix  1). 
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Sl.cn  ON  4 


OPERATIONAL  PROCEDURES 


4.1  PROCEDURES : 


The  operation  and  maintenance  of  the  dam  are  the  responsi¬ 
bility  of  the  Lost  Creek  Watershed  District  Board  in  conjunction 
with  the  Soil  and  Water  Conservation  District,  Neosho,  Missouri, 
for  the  first  three  years  after  construction  of  the  dam,  a  joint 
inspection  is  being  conducted  by  members  of  the  District  Board 
and  the  Soil  Conservation  Service.  After  three  years  the  District 
Board  is  responsible  for  providing  yearly  inspections.  In  addition 
to  the  annual  inspection,  the  dam  is  to  be  inspected  after  each 
severe  flood  and  after  the  occurrence  of  any  other  unusual  condi¬ 
tions  which  might  adversely  affect  the  dam.  The  inspection  is 
to  include  the  condition  of  principal  spillway  and  its  appurten¬ 
ances,  the  emergency  spillway,  the  cartiifill  and  any  other  items 
installed  as  a  part  of  the  structure.  Copies  of  the  inspection 
report  arc  forwarded  to  the  Soil  Conservation  Service  office 
in  Springfield,  Missouri.  The  last  annual  inspection  was  conducted 
on  May  14,  1980,  and  the  results  arc  included  as  Sheet  11  of 
Appendix  A. 

4.2  MAINTENANCE  OF  DAM: 


After  t lie  yearly  inspection  of  the  dam,  the  Lost  Creek  Water¬ 
shed  District  Board  determines  the  maintenance  to  be  done.  Monies 
for  the  required  maintenance  are  derived  from  a  tax  levy  imposed 
upon  the  residents  of  the  Watershed  District. 

4,5  MAINTENANCE  OE  OPERAT1NC  FACILITIES: 

The  maintenance  required  for  the  restricted  flow  riser  is 
accomplished  after  the  yearly  inspection  by  the  Watershed  District 
Board.  The  slide  gate  appeared  to  be  in  good  condition. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT: 

The  inspection  team  is  unaware  of  any  existing  warning 
system  for  this  dam. 

4.5  EVALUATION: 

The  general  maintenance  of  the  dam  and  associated  items 
appeared  to  be  in  good  condition.  The  brush  growth  should  be 
removed  from  the  dam  on  a  yearly  basis.  Should  the  dam  ever  pro¬ 
vide  permanent  water  storage,  riprap  may  be  required  on  the 
upstream  face.  Periodic  maintenance  of  the  emergency  spillway 
may  be  required  if  vehicles  are  allowed  to  continue  to  use  the 
channe 1 . 
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SUCTION  5  -  II V  DRAU  L  I  C/ll  YDROI.OC  I  C 


5.1  EVALUATION  Of  TEATIJRES : 


A.  De  si  iin  Data: 

- - - -  — _ £2 _ 

The  hydrologic  and  hydraulic  design  data  for  this  dam  are 
as  shown  on  Sheet  10  of  Appendix  A. 

B.  Experience  Data : 

No  recorded  rainfall,  runoff,  discharge,  or  reservoir  stage 
data  were  obtained  for  this  lake  and  watershed.  During  the  de¬ 
sign  phase,  flood  frequency  used  in  evaluation  of  damages  was 
obtained  from  six  representative  stream  gauges  in  the  surrounding 
area . 


C.  Visual  Ohse rva t  ions : 

The  approach  channels  to  t he  spillway  are  clear.  The  emergency 
spillway  is  well  separated  from  the  embankment,  and  spillway  releases 
would  not  be  expected  to  endanger  the  dam.  The  downstream  channel 
has  a  dense  growth  of  brush  and  trees. 

D.  Overtopping  Potent  ial  : 

The  hydraulic  and  hydrologic  analyses  fusing  the  II.  S.  Army 
Corps  of  Engineers  guidelines  and  the  11EC- 1  computer  program)  were 
based  on  (l)  a  field  survey  of  spillway  dimensions  and  embankment 
elevations;  (2)  an  estimate  of  the  reservoir  storage  and  the  pool 
and  drainage  areas  from  the  Seneca,  Missouri,  7.5  Minute  U.S.G.S. 
quad  sheet;  and  (5)  data  obtained  from  t lie  As  Built  Elans  for 
this  project  (.See  Appendix  A,  Sheets  6  through  10). 

Based  on  the  hydrologic  and  hydraulic  analysis  presented  in 
Appendix  C,  the  combined  spillways  will  pass  100  percent  of  the 
Probable  Maximum  flood.  The  Probable  Maximum  flood  is  defined 
as  the  flood  discharge  that  may  be  expected  from  the  most  severe 
combination  of  critical  mctcorologie  and  hydrologic  conditions 
that  are  reasonably  possible  in  the  region.  lhe  recommended 
guidelines  from  the  Department  of  tiie  Army,  Office  of  the  Chief 
of  Engineers,  require  that  this  structure  (small  sice  with  h i gh 
downstream  hazard  potential)  pass  50  percent  to  100  percent  ol 
the  PMf,  without  overtopping.  Considering  the  height  of  dam 
(35  feet),  the  maximum  storage  capacity  (07  acre-feet)  and  the 
low  volume  of  permanent  water  storage  50  percent  of  the  PMf  has 
been  determined  to  be  the  appropriate  spillway  design  flood.  The 
structure  will  pass  a  1  percent  probability  flood  without  over¬ 
topping. 


Application  of  the  probable  maximum  precipitation  f PM P J , 
minus  losses,  resulted  in  a  flood  hydrograph  peak  inflow  of 
1,763  cfs.  For  50  percent  of  the  I’MP,  the  peak  inflow  was 
882  cfs. 

The  routing  of  the  l’MF  through  the  spillways  and  dam  indi¬ 
cates  that  the  dam  will  not  be  overtopped.  The  maximum  discharge 
capacity  of  the  spillways  is  1,502  cfs.  Overtopping  of  an  earthen 
embankment  could  cause  serious  erosion  and  could  possibly  lead 
to  failure  of  the  structure. 
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SliC  l  I  ON  6 


STRUCTURAL  STAR  1 1 ,  IT  V 


t) .  1  EVALUATION'  01'  STRUCTURAL  STABILITY  : 

A.  Visual  Observations  : 

Observed  features  which  could  adversely  affect  the 
structural  stability  of  this  dam  are  discussed  in  Sections 
3. IB  and  3.2. 

B.  Design  and  Construction  Data: 

Design  data  obtained  arc  included  in  Appendix  A.  Analysis 
of  the  soil  structure  is  included  in  Appendix  B.  Additional 
design  data  and  construction  notes  and  test  results  are  located 
at  the  Soil  Conservation  Service  in  Columbia,  Missouri. 

Seepage  and  stability  analysis  comparable  to  the  require¬ 
ments  of  the  guidelines  were  not  available,  which  constitutes 
a  deficiency  which  should  be  rectified. 

C.  Operating  Records: 

No  operating  records  have  been  obtained. 

D.  Post  -  Const ruct ion  Changes: 

There  have  been  no  reported  post -construction  changes  to 
this  dam. 

b.  Seismic  Stability: 

The  structure  is  located  in  seismic  zone  1.  An  earthquake 
of  this  magnitude  would  not  generally  be  expected  to  cause 
severe  structural  damage  to  a  well  constructed  earth  dam  of 
this  size.  However,  it  is  recommended  that  the  prescribed 
seismic  loading  for  this  zone  be  applied  in  stability  analyses 
performed  for  this  dam. 


Slid' I  ON  7 


ASSI:SSMI;NT/ RliMlil)  1  AL  MliASU RLS 


7.1  DAM  ASS1-SSMUNT: 

This  Phase  I  inspection  and  evaluation  should  not  he 
considered  as  being  comprehensive  since  the  scope  of  work 
contracted  for  is  far  less  detailed  than  would  be  required 
for  an  in-depth  evaluation  of  dams.  Latent  deficiencies, 
which  might  be  detected  by  a  totally  comprehensive  inves¬ 
tigation,  could  exist. 

A.  Safety: 

The  embankment  is  in  good  condition.  Some  items  were  noted 
during  the  visual  inspection  which  should  be  investigated  fur¬ 
ther,  corrected,  or  controlled.  These  items  are:  (1)  light 
brush  on  the  embankment  faces;  and  (2)  the  erosion  channels  in 
the  emergency  spillway  channel. 

Another  deficiency  was  the  lack  of  seepage  and  stability 
analyses  comparable  to  the  recommended  guidelines. 

The  dam  will  not  be  overtopped  by  flows  of  the  Probable 
Maximum  flood.  Overtopping  of  an  earthen  embankment  could  cause 
serious  erosion  and  could  possibly  lead  to  failure  of  the  structure. 

b.  Adequacy  of  Information: 

The  conclusions  in  this  report  were  based  on  review  of  the 
information  listed  in  Section  2.1,  the  performance  history  as 
related  by  others,  and  visual  observation  of  external  conditions. 

The  inspection  team  considers  that  these  data  are  sufficient  to 
support  the  conclusions  herein.  Seepage  and  stability  analyses 
comparable  to  the  "Recommended  Guidelines  for  Safety  Inspection 
of  Dams"  ivere  not  available,  which  is  considered  a  deficiency. 

C,  Urgency: 

The  remedial  measures  recommended  in  paragraph  7.2  should 
be  accomplished  in  the  near  future.  If  the  deficiencies  listed 
in  paragraph  B  are  not  corrected,  and  if  good  maintenance  is  not 
provided,  the  embankment  condition  will  deteriorate  and  possibly 
could  become  serious  in  the  future.  . 

D.  Necessity  for  Additional  Inspection: 

Based  on  the  result  of  the  Phase  l  inspection,  no  additional 
inspection  is  recommended. 
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1:. .  Seismic  _S  ta  hi  i  i  t  >• : 

The  structure  is  located  in  seismic  tone  1.  An  earthquake 
of  this  magnitude  would  not  generally  he  expected  to  cause  severe 
structural  damage  to  a  well  constructed  earth  dam  of  this  size. 
However,  it  is  recommended  that  the  prescribed  seismic  loading 
for  this  zone  be  applied  in  any  stability  analyses  performed 
for  this  dam. 

7.2  RhMhDI Al,  MhASURhS  : 

The  following  remedial  measures  and  maintenance  procedures 
are  recommended.  All  remedial  measures  should  lie  performed  under 
the  guidance  of  a  professional  engineer  experienced  in  the  design 
and  construction  of  dams. 

A.  Alternatives: 

Not  Applicable 

B .  0  M  i’roccdurcs  : 

(1)  Seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  recommended  guidelines  should 
be  performed  by  an  engineer  experienced  in  the 
construction  of  dams. 

(2)  The  light  brush  growth  should  be  removed,  and 
vegetative  growth  on  the  dam  should  be  cut  annually. 

(3)  Wave  protection  should  be  provided  for  the  upstream 
face  of  the  embankment  if  permanent  water  storage  is 
accoinpl  ished . 

(4)  Vehicular  traffic  should  be  prohibited  from  driving 
in  the  emergency  spillway  channel,  and  existing 
erosion  of  the  channel  should  be  repaired  and 

nia  inta  ined. 

(5)  A  detailed  inspection  of  the  dam  should  be  made 
periodically  by  an  engineer  experienced  in  the 
design  and  construction  of  dams. 
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Note:  Modify  bedd/nq  shown  on 
Sheet  &  as  reoumrd  to  fit  between 
rucr  footma  Aedtdinq  and  /bet/ra 
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upc  Preformed  expansion  joint 
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Z*-77  STRUCTURE  F~3 _ 

R/C  RESTRICTED  FLOW  RISER 
FOR  30"  DIAM.  R/C  PIPE 
LOST  CREEK  WATERSHED  PL -566 
NEWTON  COUNT X  MISSOURI 

U.  S.  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 

-  o...7~ 

.....  B  t  S  j-Tb;  — ■- 


\\  5  f-i: 


U  M  9 


STRUCTURE  DATA 


Class  of  Structure  "SJL  Debris  Basin 

Drainage  Area  (total)  <5  <3  A  r  .  O.  /4  So .  M  i  . 

(uncontrol  led)  _  88  Ac  01 4  Sq .  M  i  . 

Time  of  Concentration  _ Q.Z9 _ _Hours 

Soil  Cover  Complex  Number  __  _  _  T/ _ For  A.M.C.  H 

Sediment  Capacity  Available  8.4  Ac. Ft.  below  E  I  e  v  .  943. 8 

Total  Sea i men  t  Capacity  Available  _ 84_ _ Ac  .  F  t . 

Cacacity  Equivalents  (  Vo  I  .  )  LA^l _ I  n  • 

Retarding  Caoacity  Provided  _ 33+1 - Ac. Ft. 

Capacity  Equivalents  (Vol.)  4--  5/ _  I  n  • 

Water  Supply  Provided  Atone  Ac .  Ft .  -  I  den  t  i  f  y  Uses 

?r i nc i oa  f  Spillway: 

Max.'rj-  Cacacity  t-l-e*  -s  t-ege-F  /£ c.f.s. 

Mi.'  iijn  Caoacity  (high  stage) _ _ _ c.f.s. 

10  Da  y  Dr  a  wo  o  wn  Elev.  _ 943-  8 _ 

E~e r  p  en  c  y  Sc  i  I. !  way  : 

Percent  Chance  Use _ L _ Storm  Duration  Pour 

Type  Vs  as  fated  Earfh  "  n  "  Value  Useo  004- _ 

E'ergency  Spillway  Hydrograon  for  Class  C  Structures 
R  a  i  n  :  a  I  I  /<?.  00 _  i  n  . 

R  j  n  c  f  f  8.  ^ _  i  n  . 

Pear.  Inflow  £4*7  c.f.s. 

Maxi  mu*’  Discharge  -  Emergency  So  i  I  I  wa  y  _ c.f.s. 

Maxi 'urn  Water  Surface  E  I  e  / .  _ <?_576> _ 

Velocity  of  Flow  (Ve)  . _ 5, 9 _ _ f  .  D  .  s  . 

Supplementary  Data  and  Special  Design  Features: 
Pr/ndpa/  Spi/lujoy  Crest  E/ev.  -  943.  8 
Emergency  5pHu/oy  Crest  E/ev.  -  95  C .3 
£mc  rgency  SpHojay  Sot  tom  (V/dth-  50' 

Settled  Top  of  Dorn  E/cv  -  9 '<£/. 3 

He/ght  *  Storage  c  26 2  x  415  -  //70 


Freeboard  Hydi 
R  a  i  n  f  a  I  I  _ 
Runoff  _ 
Peak  I  n  f  1 1 
Maximum  D 
Maximum  Wi 
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Sudd-  I  emen  tar  j 
Special  De  s  i  i 


fRUCTURE  DATA 


Freeboard  Hydrograph  for  Class_^ _ Structures 


Ra i n  f  a  I 
Runo f  f 


28.80 

24.4/ 


Peak  Inflow  / &/? _ c.f.s. 

Maximum  Discharge  -  Emergency  Spillway  /,  £55 

Maximum  Water  Surface  Elev.  _ 9&>/3 _ 

Reser vo i r  Capac i ty 
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Total  Stcr  age  -  Ac . F  t . 


Supplementary  Data  ana 
Scecial  Design  Features: 
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STRUCTURE  R-3 
L05T  CREEK  WATERSHED  PE 5 
NEWTON  COUNTY,  MISSOURI 

IT  S.  DEPARTMENT  OF  AGRICULTUK 
SOIL  CONSERVATION’  SERVICE 

4 mm 3  .vvvj-"- 


a*  y  3  *  v.v<r  -*  /  /  I  f  r 

Shout  10  of  Appoin!  i  \  A 


i-A s - 3 r c»  (11/  /0)  u;: i; l i»  n. b  k  ivo,  l;j  i  in  i u^l  .  > ... 

-5  soil.  COIiSEi’.VAriOi!  SERVICE 

:ile  Code:  AS- 12- 13  Columbia,  Missouri  60201 

omiAiio;:  n  ; ‘ a i i:  ii.;:a;k:i:  iiispeci  io;i  report 

'  OR  STRUCTURES  Ihy  H>  w 


iter  shed  lost  Ciock 

Kc.-;tu:i  >;g  .  nly 


S  1  ru  cture  N  o  .  k_3  1  ns  pec  ti  on  : 


Sped  el  j  f 
A  n  n  u  a  1  fx  / 


Item' 

Ye  ye  t a  ti on 


Fences 

P  r  i  n  c  i  p  e  1 
Spill w a y 

F  me  reen cy 
Spill  v:  a  y 


Condition  Describe  Main-  Es  ti  -  /.creed  Date  Date 

Satis-  U n satis-  te nance  and  mated  i’.e pairs  To  j  Repair 

factory  factory  Reeded  Repairs  Costs  Be  Cor.nl  1  d  i  Corn! 


To  P-*0  !  ]  ,  S  C-  C-A 
Cre  i  p  'cL  p  p  S  js 


E  mb  c  n!;  i  c  r.  t 


Rose  rvoi r 
Area 

Scon  r  M o 1 e 
b  Outlet  C  i'  n  1 


;  Founds ti on  / » 

Drains  b  .  T't.L.  - ....  .  . .  . . .  . . . 

Relie r  V.c  11s  fi//l 

■  ,•  V .  ",d/vV.  {  3E?s  ■  '(yijJ 

^ar!ls: ^<4  .A*' .7V-sys '6'yia'j*-  7 h 

_ /y^pojsys f  uAy-'^ -4Lt  . 

_ fA~. .  _ _ _ 1 _ _ 

//? )  J /jsh  ^ 

'  //\S£&<-s<2. _ 

District  Conservationist  Sponsoring  Lee  z-Z  OrgaV.  i  ?.ati  on  P.ep. 


i ,  » 

.Chech  list  on  reverse  side) 


Id --ton  dll  and -’.fidr  ,  a  L-istrict 

Sponsoring  local  Orgcr.l  ?ftl  o-.r 
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MAJOR  GEOLOGIC  REGIONS  OF  MISSOURI 


.-''^HlHANSON 

f — %-*F  ENGINEERS 


Newton  County  Structure  F-3 
Newton  County,  Missouri 
Mo.  I.D.  No.  20514 


springfielo.il  •  peoria.il  •  rockforo.il 
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THICKNESS  OF  LOESSIAL  DEPOSITS 

Newton  County  Structure  F-3 

S' HANSON 

ENGINEERS 

Newton  County ,  Missouri 

Mo.  t.D.  No.  20514 

$P RINGFI6LO.IL  •  PEORIA,  IL  •  ROCKFORD,  IL 

SHEET  2,  APPENDIX  B 
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UNUrl)  STUES  f»rrv;’lMtNV  Or  AC4?1CUl  TU^t 
sc.i.  coNbnrvAiij.N  sMiv/iCt 


DETAILED  GEOLOGIC  INVES  T  IGA  f  lOfi  OF  DAM  SITES 


GENERAL 


$u?«  JUn?i?y.r.i _ tcu-.ty  _  Noy  t  oji_ 


.  V.  -ELL  Sec.  ,2<L.  T  25N_  r  JAG  ;  host-  C.iv.ei;_ 


SutwtersheJ  - 

Investigated  by 

( 


_ 


_ . .  .  Fun^  tlass^t  PA  U>  Site  number _ T — _3_  Sit»  group _ I_T _ Structure  class _ Q_ 

/  '  t  /  /  y  jf  p  j*  \**e  j  etc.} 

_  f '  / ,  ■  /— .  F<iutpnsent  used  JI^jrWr-HY'iJ  >  nSJ .aPPRP-i _ .  Date  —iiliillL 

/  1  '  isig  isturv  end  t  :>’l  ,/  ,  _  iTvtc.s.  ;e.  rui-,e  model,  etc.) 

/  ^  .  .  /  ■  ./,  )  /  B.'Cnrioa,  Fold  ibS 

1  'v"7  SITE  DATA 


Orrn.ee  .re.  sire  0»1*  sq  _ seres.  Type  of  structure  Compacted  Knrth _ P„rposf  J)cbris_.Brtsin_. 


Direction  of  valley  trend  (downstream) - 2 

Estimated  volume  of  cotrracfet!  till  required  . 


South 


l  Maximum  height  of  fill _ 3^ 


.feet,  length  of  fill . 


15,183 


STORAGE  ALLOCAriON 


Selmcnt 


floodivater 


Volume  (ac  It  ) 
8 . A  To t  a  1 


Surface  Area  (seres) 


Depth  at  Dam  (feet; 


SURFACE  GEOLOGY  AND  PHYSIOGRAPHY 


Physiographic  u'escrip'ion  Ozark  H  j  fth  ]  and _ Topography  Rolling,  _ .Attitude  nl  beds:  Dip  _ StriXe.-iT’ri _ 

Steepners  ot  abutments:  Left _ .?!>.„  percent;  Right _ 13 _ percent.  Width  c.f  flupdc.lam  at  renteth-c  of  dam _ fj _ _ I 

General  geology  c!  site _ Tills  si  to  Is  1  oratc-H  upon  an  outcrop  of  th<-  Warsaw  fornat: lr»n  of  the _ 

Me  rami  ci  an  series  and  i  s  Misslsslpptan  In  ante. Bedrock  i  s.  hardness  4-5  1  nr*?  "fore _ 

with  reams  of  chert  which  occurs  at-  an  average  depth  of  8  to  9  feet  alonr.  the  *L  dam 

all jtniite nt.  The  be d lock  _su r f  ace  i s  uneven  and  p inner  1  r d . _ _ _ _ _ 

_ _ _ S.oila_.naJ:c via  1  s_dc.vciop c d _ab o.ve _b.c d roj±_..aru.  .<J..>e  d 1 yrrj; o_.vc.vy.  c tiff  ..ecasistcacs. 

and  are  davey  gravelly  silts  (ML).  c.obl>  1  os, _ gravel  and  boulders  with  .a_cl_ay_r.it ri  x,_ 

_ and  st  i _f  f  _r e.d.  waxy  c  lay ..  (C I , ) _ _ _ _ _ _ _ _ _ 

_ -Circulation,  was  .lost-while.. drillin':  borings  in  Lhr-  claY-li.r.ustonn_CQULa.cl — zone— 

_ .Se.e.JLpRS.  .of. test  holes,. _ _ _ _ _ _ _ 


. . Wflttaf._v.ns  ..fn.t’nr.'.  jch  nnr.r  I  a  t_thc.  I  i  mo  of  _thn  .  i  in  ;  nvrs  l  i  gal. ion  hr-royc  r*. _ 

. .perched.. .water,  tables,  were,  encc-uute red_i n_sor,: . fl ood  "lain  borinr.s—  .rnd_ih.c. s  relax _ 

.  and  dn-mstritnn  spring  box  .located  .  in.  .the  „  cij  ann  a  l  Lad  i/.nur  .Ln.-Lhuit.  ...nitb.lgndrwnar _ 

.  -EcpariccLthar.  .tha..sprins  -had  .uonaidornblc—Ynl . me,. ..but  high  flow.. was ..nuL-Sub a Lnu t i atocL. 


II.  S  DEPART  WENT  OF  AGRICIU  HIRE 
SOIL  CONSERVATION  SERVICE 


rC'KM  ;.r;,  3'».n 

iv  I  v  ?  G4 

$Hf  L  T  _ _ Of 


Del  All  CD  GEOLOGIC  INVESTIGATION  Of  DAM  SlUS 


FEATURE _ ^am„ _ 


(Ct  ME  RUNE  OF  DAN'.  PKINCIpAl  SHll^fY.  EMERGENCY  SPU  l  ‘A AY.  THE  SI  REAM  CHANNEL.  INVESTIGATIONS  KiR  DRAINAGE 
OF  STRUCTURE.  BORROW  AREA.  RLShNVO'N  HASiN.  ETC.) 


DRILLING  PROGRAM 


EQUIPMENT  USED 


Failing  1500  RT) 


numhi"  or  nous 

EXPLORATION  SAMPLING 

5  1 


Boring  £3  w as  rodril led  wit h  hackhoe 


TOTAL 


NUMIIIK  Of  SAMPIFS  TAKEN 
UNITISHIUHCD  DISTURBED 

(ST  AT  F  TYPE!  LARGE  SMALL 

1 


summary  of  findings 

(INCLUDE  ONLY  (ACTUAL  DATA) 


Hardness  4-5  ] i roestone:  bedrock  was  encountered  at  an  average  depth  of  8  to  9 

feet  along  the  ^  dam  alignment. _ _ _  _ 

_ Soil  materials  developed  above  bedrock  on  the _ left  abutment  are  chei tv  gT  aval Iv 

clays  with  cobbles.  Pit  the  right  abutment  cobble  cherty  gravelly  (lavs  with  s one 
bouldezu  were  found.  Colluvial  gravel lv  clavs  with  cobbles  arc  present  above  1  ir.e- 


stone  through  the  narrow  floodplain  s e c t i on. 


_ Perched  erratic  water  levels  were  present  through  the  flood  plain,  but  in 

boring  #3  located  at  station  1+50  j-  dam  a  reliable,  via  to  r  level  was  ctcpuit  t  ered  a  t: 
a  depth  of  9.5  feet  after  72  hour  check  (elevation  921'). 


V 


U.  S  EFEPAWF  MT  NT  OF  AGHICUt  T UFlE 
St>IE  CONSEIIVA1  ION  SERVICE 


DETAIUD  GEOLOGIC  INVESTIGATION  Or  DAM  SITES 


FORM  S  r.  OkB 
R(V  Zb* 

Silt  IT  _  .3—  OF  6 _ 


feature _ Principal  S p i  1  Km v _ _ _ 

(CENtERlINE  OF  DAI.*,  PRINCIPAL  SPIIIWAY  (MIKGFNCY  SPILLWAY.  Tilt  STREAM  CHANNEL.  INVEST  RATIONS  FOR  OHA'NAGE 
CF  STRUCTURE,  BORROW  AREA.  RESLKkOIM  BASIN,  UC.I 


EQUIPMENT  USED 


Failing  1500  RD 
Backhoe  Ford  753 

I 


DRILLING  PROGRAM 

NUMBER  (II  SAVPUS  TAKEN 

NUMHER_OE  ItOlFS  UmilE.TURlttt)  UljlUrlBtO 

EXPLORATION  SAMPlINC,  (STAII  IYPEI  I  ARC.E  SMALL 


TOTAt 


6 


SUMMARY  OF  FINDINGS 
(INCLUDE  ONLY  I  ACTUAL  C>AIAi 


_ Hardness  4-5  limestone  with  chert  lenses  was  onronnt oivd_at  an  avernve  d.-pih_i>i' 

7  foot  along  the  principal ,  spillway  nl  i  gnTiiont .  ‘Hie  linos  tone  surface  is  _un .  •vhi, _ 

weathered  and  ni .nrtPilviL _ 


Soi  1  horizons  developed  above  bedrock  are  a  nodi  urn  consistency  hm?n  i:  ravel  iv 


silt  (in.)  surface  horizon  which  extends  to  a  depth  c  f  2  to  3  fed  Hu*  surface 

horizon  and  extending  to  the  limestone  surface  cl av  and  <-oVM os  w i  1  h  a  few  houl dors 

are  encountered. _ _ _  ____ 

_ Circulation  was  lost  while  drilling  in  1  of the  5  principal  spillway  bori ngs . 

_  .  Since  gravel  and  cobbles  plugged  the Ju>  1  e?,  the  on  1  v  r el i ah  1  e_ wa t_e r  J. eve]  elevation 

occurs  in  Backhoe  hole  j,;30h  where  water  stobil j z ed  after  one  week  at  5 ft.  d n p th _ 


-Ca276.). 


-Sheet  (i 


o 


1 


F  OFM  SCS  376B 
l((V  2  14 

SFIttT  or  i> _ 


U.  S.  DE*’AF?TMENT  OF  AGFliCULTURE 
SOIl.  CONSERVATION  SERVICE 

DC  (All  ED  GEOLOGIC  INVES  flGATION  OC  DAM  SITES 


FEATURE _ B  O  r  r  OW _ _ _ _ _ _ _ _ 

iCENTERUNf.  Or  DAM.  PRINCH'AI  smWAV.  rMFRGFNC.V  SFILLWAY.  THE  STREAM  CHANNEL.  INVESTIGAI  IONS  FOR  DRAINAGE 
OF  STRUCTURE.  DORKO.V  AREA.  RESERVOIR  BASIN.  ETC) 

DRILLING  PROGRAM 


EQUIPMENT  USED 

Backhoe  Ford  753 


NUMBER  OF  MOLES 
EXPLORATION  SAM  Cl  IMG 


5  2 


NUMBER  01  SAMF’l  ES  TAKEN 

urinisTuRiif  o  oisturfud 

1ST  AT  E  TTF'EI  LARGL  SMALL 


SUMMARY  OF  FINDINGS 
(INCLUDE  ONLY  FACTUAL  PA1AI 

_ Hardness  4-5  chcrtv  1  i  n.e  s  tone  was  on.  count vrcd  in  all  o!__t:lio  bo  Trow  horinp.s 

at  an  averapc  d lenth  of  _6_,_5_ X L'il X _ 

_ Colluvial  Gravelly  cl  avs  with  cobh  K's  arc  present  above  )  3_rnes  tone  through  the 

narrow  floodplain  area.  Soil  materials  develop^  d  above  bedrock  on  tlir*  1c  Q_LjiiilL: . . 
are  cherty  gravelly  days  with  cobbl  os  and  mtori  nls  or,  the  rip,  hi  fl  nnk  are  cohbly 

cherty  Rraveliv  clays  with  some  boulders. _ _ _ 

_ Borings  /M01  and  f?105  had  water  in  them  jt;  an  average  e]c'atio:i  of  9  33  feet . 

The  other  _t h too  borrow  holes  were  dry. _ 


u.  S.  DEPARTMENT  OF  AGRICUl  TORE 
SOIL  CONSERVATION  SERVICE 


FORM  S(  S  ?718 


DETAIIC.0  GEOLOGIC  INVESTIGATION  OF  DAM  SUES 


RF  V.  ?  64 

SHF  F  T  _  OF  jS _ 


feature _ Eme.rgCiic.v.Spi  _ __ _ _ _ _ _ 

(CENTERLINE  OF  OAM.  f'R|NC>i>AL  S  PI  11  WAY  T  ME  IHiTNCY  SPILLWAY.  THE  STREAM  CHANNEL,  INVESTIGATIONS  FOR  DRAINAGE 
OF  structure.  BORROW  AREA.  RESERVOIR  basin.  ETC. I 


EQUIPMENT  USED 


D6C  Dozer _ 

Failing  1500  RD 
Backhoe  Ford  753 


ORILIING  f’KOGRAM 

NUMBER  OF  SAMPLES  TAK 
UNPIGHPRHED  DISTURFUD 

(SFAlt  TYPE)  LARGE  SMALL 

_  3 _ 

6 


NUMBER  OF  HOLES 
EXPLORA1  ION  SAMPL’NG 

1  1 


TOTAL 


13  1 


3 


SUMMARY  Or  FINDINGS 
(INCLUDE.  ONLY  F  AC1  UAL  DAT  A  > 


_  _  A  thin  nant  In  of  brown- tan  silt:  (Ml.)  overlie?  cobbles  and  boulders  will)  a  _red 

clay  matrix  in  the  second  horizon.  This  horizon  is  mostly  thin  to  medium  bedded _ 

limes ‘cone  that  is  fractured,  stra  tj  fied  an  d_  di  s  c_o  n  t  f  nncu  s  1  y  hedde  d . _ Re  2  S  _  this _ 

second  horizon  and  ovo rlyinp.  solid  limestone  is  n  red  v.mxy  .stiff  c  1  av ■ _ Average _ 

depth  to  solid  limestone  is  8,5  to  9,0  feet.  The  limestone  surface  is  rough _ 

pinnacled  and  uneven. _ 
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U  S  DirAMMCNT  OF  AGRICULTURE 
SOIL  CONStHVATION  SfRVlCE 


FORM  SC  3  3  7  6  K 


U.  S  (DEPARTMENT  OF  /GRICUL7 l/Rt 
SO*L  CON  St  R VAT  ION  SERVICE. 


SCS  .V6C 

RtV.  7  M  ^  ^ 

SHEtT _ Of  _ 

DETAILED  GEOLOGIC  INVESTIGATION  Or  DAM  SITES 


WATERSHED 

Lost  Creek 

- ! 

SUOWA1  ERSHtO 

COUNTY 

Newton 

1  STATE 

Vi  ssouri 

SITE  NO 

F-3 

structure  class 

c 

INVEGTKiATFO  tV:  (  SIGN*!  URt,  Cf  BIOLOGIST  > 

/  a  ://  ■-/ 

date 

11-11-73 

/  -  St 

/ 

INTERPRETATIONS  AND  CONCLUSIONS 

( 

Dam  The  recommended  minimum  cutoff  trench  depths  should  provide  an  adequate  cutoff 
The  trench  will  bottom  on  cohbly,  gravel lv  clay  on  the  left  abutment,  gravelly  clay 
through  the  floodplain  and  residual  type  40/',  boulders  and  cobblv  material  with  a 
clay  matrix  on  the  right  abutment.  The  high  concentration  of  boulder  size  limestone 
material  present,  on  the  right  abutment  are  encountered  at  depths  of  2  to  4  feet  from 
the  surface  and  it  would  appear  desirable  to  seat  the  cutoff  below  the  boulder  horizon, 
at  least  below  permanent  pool  elevation. 

Principal  Spillway  Location  .  al  i  gnmo.nt  and  foundation  arc  satisfactory  and  the 
skewed  location  at  station  1+82  ?.  dam  is  adequate.  It  is  suggested  that  the  ,Vjb  surfac. 
material  found  along  this  alignment  be  removed  during  construction. 

Drainage  Not  recommended  '  /  /  ' 

Stream  Channel  1  to  2  feet  removal  of  si  If  graved,  trnr.h  and  organic  debris  along 
with  standard  embankment  preparation  at  ail  sections  is  suggested. 

Emergency  Spillway  An  estimated  11,000  cubic  yards  of  required  excavation  mav  be 
expected  from  this  area  of  which  an  estimated  500  cubic  yards  of  this  amount  mav  he 
expected  to  be  hardness  4-5  fairly  solid  limestone  reck.  Nippable  boulders  and  cobbles 
along  with  gravellv  clay  material  should  he  encountered  above  the  solid  rock.  All 
rock  should  be  suitable  for  front  berm  protective  cover. 

Borrow  Ample  materials  are  available  along  with  required  excavation  from  the 
emergency  spillway  to  construct  the.  embankment.  More  plastic  materials  ore  encountered 
on  the  left  than  on  the  right  flank  where  higher  percentages  of  boulders  and  cobbles 
arc  present.  It  is  suggested  that  borrowing  be  limited  in  the  floodplain  area  to 
depths  of  4-6  feet  or  less  because  of  the  high  perched  water  levels  and  the  shallow 
limestone  bedrock  surface. 
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ENGINEER1  S  REPORT 
SITE  1-3  LOST  CI-EEK 


1.  STREAM  CHANNEL  -  Stripping  and  foundation  preparation  and  core?  trcncii 
excavation  should  eliminate  all  tine  stream  channel  cleanout  needed. 

2.  DEPTH  OF  COPE  -  Recommend  that  the  core  trench  be  as  shallow  as 
possible  to  insure  a  safe  dam.  Suggest  12.0  loot  bottomvidth 
witli  1:1  side  slopes. 

3.  UNDESIRABLE  MATERIAL  -  The  only  undesirable  material  is  the  rock 
excavation  in  the  emergency  spillway  and  oversize  rock  from  other 
borrow  sources.  Suggest  this  material  be  placed  on  the  front  slope 
of  tlie  dam  below  the  upstream  berm  or  buried  in  the  borrow  area. 

4.  MATERIALS  -  Excavation  from  core  anu  emergency  spillway  except  for 
rock  excavation  may  be  used  for  fill.  Emergency  spillway  excavation 
v.’ith  3:1  side  slopes  will  amount  to  approximately  12,000  cubic  yards 
of  material,  seme  of  which  is  rock.  Ample  fill  material  is  available 
from  emergency  spillway  and  core  trench  excavations  and  by  excavating 
below  tlie  emergency  spillway  elevation  in  the  borrow  area.  Consideration 
should  be  given  to  steeper  side  slopes  for  the  emergency  spillway  duo 

to  rock  encountered  above  grade. 

5.  CONDUIT  -  Due  to  class  of  structure  the  conduit  will  be  reinforced 
30  inch  concrete  pipe  with  capped  riser. 

6.  DRAINAGE  -  It  is  very  doubtful  that  any  type  oi  drainage  •..•ill  be 
needed. 

7.  Recommend  that  fill  placement  control  be  class  C  compaction  or 
class  A  compaction  with  controls  on  the  minus  3/4"  fraction. 


■  Toe  A.  Green,  Project  Engineer 
October  9,  1975 
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ATTACIiMF.'rs 


1. 

Form 

SCS-FdG-lat , 

Soil  Meehan ie; 

■  I.abo  .  to:;,  Data.  1  . 

C-t 

2. 

For.: 

SCS-ll!G-3r;A 

b-  33 ‘3 T-. ,  Tr  j  a  >;  i 

a]  Shear  Ten.,  1  i  >n 

.  r?  Vhr  1;  I . 

3- 

Form 

scg-k:;g-3>2. 

Co.  !”•  •  lion  an  i 

i’c t  : s i  :on  iv  r 

1  •  ,  r  :?  « •  1 

ij. 

Form 

SCS-337)  ou:. 

-  e 

O 

1 

ability  juiaiy.-iu,  2  . 

:  .L  <  '  t-4? 

DISCUSS  I  Oil 


FOUNDATION 

A.  p.--  l  ck  ■  Li:: -m bone  bed  -t>ck  oreu  •"  :•  t  a  t  p'  n  of  •  ■  > •  0 ■ ;  ■  [>  :  -rvt  on  tm 
left  nt'U'"-':it  r.jsl  at  -<  depth  of  .abo'ii  G  f-  <•!.  in  fa.  f'oely  ’  1  ?n  ;  ;  a  ic:: 

The  bedrock  occurs  at  •>  depth  of  about  1;!  -fret  on  l'.  -"  •-ir.:t  •n.iut  c  :.f .  • 

B.  So  i  1  C  i  a  ss 1  f  b-n  t  ion.  The  roi)  ■m.L]  ::i/;  bed  roe'.  •  ' lo  ,1  r. FT. 

overly.;  ,i;t  CL  '.:ui.  .  u.  e  GC  i:i  t  }>•  •  f  Joc.d]' I  a.;  .1.  'I'm  Ml.  -.one  icy/--;  t  is 
about,  2  feet  thick. 

The  only  maple  submitted  far..  the  foundation  van  a  b->jt  .  n:  pie  fro' 
the  floodplain  and  it  is  a  GC  that  contains  33  p,  rcent  f  i.tep. 

FKBAnKMEUT 

A.  Soil  C  I "  r  si  (' :  e-'  t  ic  h.  Six  camples  verc  r.uhr.  it  tel  f  rc-n  the  r,K  rry 
spillway  uni  the  borrow  area  .  Turce  of  U  •  mr.-.pl*  r  arc  fi  no-i'.ru?  in  d 
soils  that  class  as,  Cii.  The  other  three  r.r  c.'.aa’lv  roils,  that  cln.a. 
as  GM  a ni  GC. 

B.  Co:.1 1" a- 1.  1  D  -.rity.  Compaction  trp*,::  v<  re  radc  on  feu-  i.lcs  ;.s 

requ--:  t-  .1.  V;--  '/  at  on  S-  •  pic  2CG -2  var  rlc  on  In  to--*  1  .-  r.ple,  vuicn 
war.  all  finer  than  tlr  No.  30  ::  i  r.c* .  Tv'  t-  .  ts  c  r;  pi/.  s  20.1-m  '>(>:< 

and  102-1  ver<-  w.  J.-  on  the  minus  j  >,  1  fi.vlio::. 

The  moisture  density  iv]nt>ot.;.hip  is  shown  on  i  he  attach-  1  Form  GCG-K!!S-X>?. 
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C.  Earn  ]•  t't  V'-n  .  A  CU  trinx  !nl  sheer  iert  v.a  s  made  cm  tin  in  inn:; 

3  1  ^-i  iieh  we  rial  fro:::  Srirrij*  !c  203  -  3.  Ti.e  tort  xpocimeji.-  vr'  eos:- 
pae  tod  to  '■')  \  c  reent  of  r.t:v.  In  ri  F roe  tor  density.  The  test.  vs  made 
on  an  tu  rated  rale  rial,  end  the  shear  r  t.ren»;fh  j -■  n:.  cters-  obtained  a  re 
0  =  13°)  o  -  300  p.-f  at.l  0  -  33°,  c  -  'o  pef. 

SLOPE  OTAfTJ.f'T 

A  slab  i )  i  ty  nrn  lyr  <  r  vir  mad"  for  the  proposed  21.-:!  c.:  :  anks.-  nt  slopes. 

The  analysis  eonr-idc  red  the  su-dd  <  •  .n-d  .”n  viov  n  coni  if  ion  fro-,  t :  ■  rac  nay 
spillway  ole  . n  t  ion  and  the  ote-n  ly-rocpnf.e  con  si  tior.  :  ’  a  a  t.ii :•«  at  :c  line 
from  emergency  spillway  elevation  nisi  no  e:.  baukmc  nt  drin. 

The  analysis  ’..a.-  made  for  ;:.s  x  imus;  rs  hank::  erst  section.  Finer  no 
foundation  ."v  r>f\"  cubiiii tf •  1  for  sn<  •  r  strnr'h  t  at.",  I armspfiot. 

was  inside  that  the  foundation  col  '  was  rtrei’d'  *'  tnnn  tic  c;  1  nn.r.:"...nf  roll. 

The  analysis  shows  t'»  •  t.  the  slop:’  brio’.'  La-  p:vi\«.-cd  JO- foot  sp.  ’  "  a'  1 
should  be  flnttenr  i  to  3:1  toi  l  tint  c  10- fret  l  err  nl  <■  lev a  t  ior  should 
be  added  to  ths  downs U’cnm  slope  with  .a  3^:1  sdopc  below  tin  btr.:. 

A  summary  of  the  analysis,  is  attached. 

GOEOTlfrdP  ;3  All)  R-ATfl-hvlDA 'TP:;;' 

The  proposed  derirn  outlined  in  ti  •*  enri n  r<-j«o- 1  ni  p-  a-r  10  be  •  or. 
prov  id  i  lift  the  r  lopes  are  •:  od  i  fi  •  1  as  shown  by  the  1  c  t'-  stability  a  an  1  y;:l  s 
Compaction  to  \f>  percent  of  A  thill  i'6  b  on  ti.e  inus  3  ':-ir,cn  fraction  is 
required. 

Tests  indicate  that  the  so '  .1  her.  doc  r-  not  eonta :  n  d1'  rviv.:  <  e'ay,  .0  the 
proposal  to  bui  ld  the  dam  without  an  embankment  .irnj?>  to  bo  all 

ri(jht.  It  is  likely  that  some  scepa.-e  will  occur  ti.j-onrn  the  be  si  rock  in 
the  foundation. 
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HYDROLOGIC  AND  HYDRAULIC  ANALYSIS 

To  determine  the  overtopping  potential,  flood  routings  were  performed 
by  applying  the  Probable  Maximum  Precipitation  (PMP)  to  a  .synthetic  unit 
hydrograph  to  develop  the  inflow  hydrograph ,  The  inflow  hydro;’, mph  wan 
then  routed  through  the  reservoir  and  spillway.  The  overtopping  analysis 
was  accomplished  using  the  systemiued  computer  program  ilEC-1  (Dam  Safe tv 
Version),  July  1978,  prepared  by  the  Hydrologic  Engineering  Center,  U.S. 

Army  Corps  of  Engineers,  Davis,  California. 

The  PMP  wan  determined  from  regional  charts  prepared  by  the  National 
Weather  Service  in  "Hydrometeorological  Report  No.  33".  Reduction  factors 
were  not  applied.  The  rainfall  distribution  for  the  24  hour  PMP  storm 
duration  was  assumed  according  to  the  procedures  outlined  in  EM  Ll.10-2- 
1411  (SPD  Determination). 

The  synthetic  unit  hydrograph  for  the  watershed  was  developed  bv 
the  computer  program  using  the  SCS  method.  The  parameters  for  the  unit 
hydrograph  are  shown  in  Table  1  (Sheet  4,  Appendix  C). 

The  SCS  curve  number  (CN)  method  was  used  in  computing  the  infiltra¬ 
tion  losses  for  rainfall-runoff  relationship.  The  ■ 'N  values  used,  and 
the  result  from  the  computer  output,  are  shown  in  Table  2  (Sheet  3, 

Appendix  C). 

The  reservoir  routing  was  accomplished  by  using  the  Mod it  led  Puls 
Method.  The  hydraulic  capacity  of  the  spillway  was  used  as  an  outlet 
control  in  the  routing.  The  hydraulic  capacity  of  the  spillway  and  the 
storage  capacity  of  the  reservoir  were  defined  by  the  el  ovation-surface 
area— storage— discharge  relationships  shown  in  Table  3  (Sheet  3,  Appendix  C) . 
This  dam  has  been  designed  for  flood  control  purposes,  and  the  water  surface 
elevation  is  maintained  below  the  principal  spillway  invert  elevation.  To 
consider  the  effect  of  the  reservoir  storage,  an  antecedent  storm  of  29 
percent  and  80  percent  of  the  PMF  was  considered  (assuming  the  reservoir 
at  the  sedimentation  pool  elevation  943.8)  to  determine  the  starting 
reservoir  elevation  for  the  routing  of  50  percent  and  100  percent  of  the 
PMF  respectively.  The  antecedent  storms  were  assumed  to  occur  lour  days 
prior  to  their  corresponding  storm.  Both  antecedent  storms  will  fill  the 
reservoir  beyond  the  emergency  spillway  level,  but  at  the  end  of  the  lour 
days,  the  reservoir  will  reduce  to  the  sedimentation  pool  level  since  the 
principal  spillway  is  unregulated.  Thus,  the  final  routing  analysis,  was 
accomplished  considering  the  starting  reservoir  level  at  the  principal 
spillway  invert  elevation  943.8  (sedimentation  pool). 
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Tin'  result  of  the  routings  of  the  PMF  ratios  indicate  that  the  dam 
will  pass  the  1  percent  probability  flood  without  overtopping  the  dam. 


The  rating  curve  for  the  spil Lways  (see  Table  4,  Sheet  6,  Appendix  C) 
was  determined  assuming  orifice  flow  for  the  principal  spillway  and  channel 
flow  for  the  emergency  spillway. 


The  flow  over  the  crest  of  the  dam  during  overtopping  was  determined 
using  the  non-level,  dam  option  ($L  and  $V  cards)  of  the  1IFC-1  program. 

The  program  assumed  critical  flow  over  a  broad-crested  weir. 

A  summary  of  the  routing  analysis  for  different  ratios  of  the  FMF 
is  shown  in  Table  5  (Sheet  7,  Appendix  C). 

The  computer  input  data,  a  summary  of  the  output  data,  and  a  plot 
of  the  inflow-outflow  hydrograph  for  the  PMF  are  presented  on  Sheets  8, 

9  and  10  of  Appendix  C. 
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SYNTHETIC  UNIT  HYDROGRAPH 


Parameters : 


Drainage  Area  (A) 

Length  of  Watercourse  (L) 
Difference  in  elevation  (11) 
Time  of  concentration  (Tc) 
Lag  Time  (Lg) 

Time  to  peak  (Tp) 

Peak  Discharge  (Qp) 

Duration  (D) 

T ime  (Min.)(*) 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 


Discharg 


0 

97 

294 

302 

189 

95 

51 

27 

14 

7 

4 

2 

1 


(*)  From  the  computer  output 
FORMULA  USED: 

11.9  L3  °-385 

Tc 

Lg  =  0.6  Tc 


Tp  =  -  +  Lg 

Qp  =  A til  q  =  Excess  Runoff  =  1  inch 


0.14  si| .  miles 
0.70  miles 
121  feet 
0.29  hours 
0.17  hours 
0.21  hours 
323  c Is 
5  min. 

e  (cf s) (*) 
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TABLE  2 


RAINFALL-RUNOFF  VALUES 


Selected  Storm  Event  Storm  Duration  Rainfall  Runoff  Loss 
_  (Hours) _  (Inches)  ( Inches)  ( Inches ) 


PMP  24  35.49  33.50  1.99 

Additional  Data: 

1)  Soil  Conservation  Service  Soil  Group  II 

2)  Soil  Conservation  Service  Runoff  Curve  ON  =  85  (AMC  III)  for  t lie  PMF 

3)  Soil  Conservation  Service  Runoff  Curve  CN  =  71  (AMC  11)  for  the 

1  percent  chance  flood 

4)  Percentage  of  Drainage  Basin  Impervious  2  percent 


TABLE  3 


ELEVATION,  SURFACE  AREA, 

STORAGE  AND  DISCHARGE 

RELATIONSHIPS 

Lake 

Elevation 

Surface 

Lake  Storage 

Sp i 1  Iway 

(feet-MSL) 

Area  (acres) 

(acre-f  t ) 

Discharge  (cfs) 

926.0 

0 

0 

_ 

*943.8 

1.3 

8.4 

0 

950.0 

2.4 

20 

14 

956.3 

4.3 

41.5 

19 

960.0 

6.4 

60 

872 

**961.3 

6.5 

67 

1502 

965.0 

7.0 

92 

- 

970.0 

15.6 

165 

- 

*  Principal 

spillway  crest  ele 

ovation 

**Top  of  dam 

elevation 

The  above  relationships  were  developed  using  data  fr 

om  the  SCS  plans 

the  U.S.G.S. 

,  Seneca,  MO.-OKLA 

.  7.5  minute  quadrangle  map. 
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TABI.1-:  4 

SPILLWAYS  RATING  CURVE 


Reservoir 

Primary 

Emergency 

Total 

Eleva  tion 

Spi l Iway 

Spi I Iway 

Disc ha rge 

Ft(MSL) 

of:; 

of:; 

i 

943.8 

0 

- 

0 

946.0 

8 

- 

8 

956.4 

19 

0 

19 

956.9 

19 

29 

48 

957.9 

20 

185 

205 

958.4 

20 

300 

320 

958.9 

21 

444 

465 

9  59.9 

22 

L05 

827 

960.9 

23 

1238 

1261 

961.0 

23 

1288 

1311 

*961.3 

23 

1479 

1502 

962.9 

24 

2350 

2374 

963.9 

25 

3000 

3025 

*Top  of  dam  elevation 
METHOD  USED: 

1)  Principal  Spillway:  assuming  orifice  flow 

1 12 

Q  =  C.A.  (2g.hr7 

Q  =  Discharge  in  c.f.s. 

C  =  Discharge  coefficient  =  0.60 

? 

A  =  Opening  area  in  ft  (9"  x  18") 

2 

g  =  Acceleration  of  gravity  =  32.2  ft/sec 

h  =  Head  from  reservoir  elevation  to  the  center  of  the  opening  (in  ft) 

2)  Emergency  Spillway:  Assuming  open  channel  flow. 

Using  charts  from  "UD  Method  of  Reservoir  Flood 
Routing",  S.C.S.  Technical  Release  No.  35,  February  1967. 
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TABU':  5 

RESULTS  OF  FLOOD  ROUTINGS 


Ratio 

of 

PMF 

Peak 
inf  low 
(CFS) 

Peak  Lake 
Lleva  t i on 
(ft. -MSI.) 

Total 
Storage 
(AC. -FT. ) 

Peak 

Out  f low 
(CFS) 

Depth 
(ft.) 
Over  Top 
of  Dam 

- 

- 

*943.8 

8 

0 

- 

0.10 

176 

951.7 

26 

14 

- 

0.20 

353 

956.9 

44 

45 

- 

0.25 

441 

957.2 

46 

98 

- 

0.30 

529 

95  7.9 

50 

214 

- 

0.35 

617 

958.6 

53 

364 

- 

0.40 

705 

959.0 

55 

489 

- 

0.50 

882 

959.5 

57 

679 

- 

0.  75 

1322 

960.  5 

63 

1075 

- 

1.00 

1763 

**961.3 

67 

1494 

0 

*  Principal  spillway  crest  elevation 
**Top  of  dam  elevation 

The  dam  and  spillway  will  be  capable  of  holding  and  passing  100  percent 
of  the  PMF  without  overtopping  the  dam. 
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INFLOW-OUTFLOW 
HYDROGRAPH 
FOR  THE  PMF 


MAX .  INFLOW  =  1763  c.f.s. 
*MAX.'  OUTFLOW*  =  1494  c.’f.’s.. 


INFLOW 


•OUTFLOW 


*0*—i 


MMMMMMMQ 


■ 

CO 

m 

O* 

• 

o 

• 

• 

CM 

s 

to 

• 

M* 

• 

m 

& 

'O 

• 

rs. 

• 

CO 

• 

Os 

• 

o 

• 

• 

CM 

• 

ro 

• 

• 

in 

sO 

• 

rs. 

• 

00 

• 

a* 

o 

■ 

CM 

to 

«e 

• 

in 

■ 

'O 

• 

rs. 

00 

• 

Os 

■ 

o 

• 

• 

CM 

to 

• 

in 

• 

sO 

• 

rs, 

• 

CD 

"O 

fM 

rs 

rs 

rv 

rs 

rs 

rs 

rs 

rs 

CO 

CO 

00 

00 

00 

CO 

CO 

CD 

CO 

00 

o- 

Os 

O' 

Os 

O' 

Os 

Os 

Os 

Os 

Os 

o 

o 

O 

o 

o 

o 

o 

o 

O 

w* 

■*— 

»p» 

•— 

•— 

«— 

<|MB 

*-* 

w 

vw 

«-■ 

w 

«— 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

o 

t n 

o 

m 

o 

m 

o 

in 

o 

m 

o 

m 

o 

in 

o 

in 

o 

in 

o 

o 

in 

o 

m 

o 

m 

o 

o 

in 

o 

in 

o 

in 

o 

in 

o 

m 

O 

m 

O 

o 

o 

CM 

CM 

M 

to 

m 

tn 

o 

o 

CM 

CM 

ro 

ro 

m 

m 

o 

o 

CM 

CM 

to 

ro 

m- 

m 

in 

o 

o 

*— 

CM 

«cr 

«e 

*«r 

«r 

«*■ 

«*■» 

in 

in 

tn 

in 

in 

m 

m 

in 

m 

in 

in 

m 

SO 

'O 

SO 

'O 

SO 

'O 

•o 

«o 

sO 

sO 

'O 

rs 

k. 

fS 

N 

fs 

TIME  (hrs) 


Sheet  10,  Appendix  C 


IS 


STRUCTURE  F-3 
MO.  No.  20514 


Sheet  J_  of  Append  it  _0 


LIST  OF  PHOTOGRAPHS 


Photo  No. 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


Description 
Aerial  View  of  Dam 

Aerial  View  of  Dam  and  Downstream  Hazard 

Crest  of  Fmbankment  (Looking  Last) 

Crest  of  Lmbankment  (Looking  West) 

Upstream  View  from  Crest  (Looking  North) 

View  of  Inlet  Structure  (Looking  Northeast) 

Closcup  of  Inlet  Structure  (Looking  Southeast) 

View  of  Spillway  Pipe  Oulet  (Looking  North) 

Upstream  View  of  emergency  Spillway  (Looking 
Northeast) 

Downstream  View  of  emergency  Spillway 
(Looking  South) 

Downstream  View  of  emergency  Spillway 
(Looking  Southeast) 

Downstream  View  from  Crest  (Looking  South) 
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